Introduction
A person with autism spectrum disorder (ASD) has a life-long neuro-developmental disability which is diagnosed by severe deficits in social communication and interaction, along with restricted or repetitive behaviour and interests [1] . Intellectual disability (ID) is diagnosed in persons with an IQ below 70 along with impairments in adaptive functioning both of which must be present before 18 years [1] . The prevalence of ASD varies between countries with a median of about 60 per 10,000 [2] while the prevalence of ID is higher at 104 per 10,000 [3] .
There is a general consensus among researchers that Quality of Life (QoL) incorporates measures of physical functioning, mental health and engagement in social interaction [4] . A plethora of research has identified poorer health and QoL in the primary care-givers (here after referred to as care-givers) of children with ASD or ID than in other care-givers [5] [6] [7] [8] [9] [10] [11] . For example, using linked data, we demonstrated that in the years after their child's birth, mothers of children with ASD or ID had higher rates of psychiatric disorders than other mothers [9, 10] . Furthermore, we also identified health differentials in mothers of children with different sub-types of ASD or ID [12] . Using the12 Item Short Form Health Survey (SF-12), parents of children with ASD without ID were also reported as experiencing lower QoL and more stress than parents of children with ASD with ID [7] . Moreover, mothers of children with ASD had more self-reported anxiety and depression than mothers of children with Down syndrome [13] . Care-giver health issues challenge a family's QoL and may impact the care and healthy development of all children within the family [14, 15] . Identifying risk factors for care-givers of children with a particular developmental disorder would enable the identification of groups whose health is especially vulnerable. In addition, identifying both risk and protective factors would enable a better understanding of the health trajectories of care-givers of children with ASD or ID. In such ways, informed interventions and services might be developed to assist in optimising care-giver health. Therefore, we aimed to review the research literature in the area of care-giver health, ASD and ID to locate original research which described risk and/or protective factors for health in care-givers of children with ASD or ID. Our second aim was to discuss how doi: 10.7243/2054-992X-5-1 these factors might influence care-giver health.
Methods of the review
We searched the electronic databases, Web of Knowledge, Medline, Scopus and Google Scholar, using combinations of the following groups of search terms associated with ASD and ID along with care-giver health. These included terms which are related to: Described a risk or protective factor for poorer health in mothers, parents or care-givers of a child with ASD or ID or a sub-type (such as ASD with ID or Down syndrome). Using research [16, 17] , we developed a simple and objective five-level tool to assess the strength of evidence provided by the papers in this review ( Table 1) .
Results
We retained 33 articles. Table 2 summarizes each paper, provides an assessment of the quality of evidence, methods of data collection and recruitment, country of origin, study population, comparison group and the strength of the assessed relationship or a key result.
Discussion
In the first section, we discuss the papers retrieved for the review according to the reported risk or protective factors for poorer care-giver health or QoL. In the second section, we examine care-giver health disparities according to the child's diagnosis and the likely impact of particular risk or protective factors. The final section examines how risk and protective factors might impact the health of care-givers of children with ASD or ID.
Challenging child behavior
Challenging child behaviour, the most commonly identified risk factor for poorer care-giver health and QoL outcomes, was reported in ten of the 33 studies. Researchers provided substantial evidence that the social impact of the child's disability [18] and challenging behaviours [19] [20] [21] [22] [23] [24] [25] in children with ASD or ID was associated with poorer care-giver mental health. At the same level of evidence, challenging child behaviours in children with ID were related to poorer care-giver physical health in subsequent years [26] . The total score for the Jenkins Behaviour Questionnaire was higher in children with care-givers having two or more symptoms of depression (p=0.004) [27] . Symptoms of anxiety (p=0.06) and stress (p=0.08) were related also to challenging child behaviour though the associations did not reach statistical significance. These associations were predominantly due to issues of discipline (control, tantrums, demanding attention) and disturbances in sleep [27] .
Challenging child behaviours had a negative effect on care-giver and family QoL. One research group administered the Parental-Developmental Disorders-Quality of Life Scale (Par-DD-QoL) to the parents of children with ASD and provided weak evidence that challenging child behaviour was an independent risk factor for poorer QoL [28] . Results from a qualitative study were similar [24] .
Level of support
Support networks were associated with improved care-giver health and QoL in families of a child with ASD or ID. For example, substantial evidence indicated that family support reduced care-giver burden in families with a child with ASD [20, 29] and that family and neighbourhood support was associated with improved parental mental health [20, 30, 31] and reduced parental aggravation or irritability [32] . Further substantial evidence [33] [as classified by our descriptors on Table 1 ] was provided using the Multidimensional Scale of Perceived Social Support (MSPSS) which indicated that greater social support was associated with lower levels of individual distress (apart from anxiety and depression) in the families of children with ASD [25] . Alternatively, substantial evidence demonstrated that mothers of children with ASD had poorer mental health than other mothers but no less social support for parenting [34] .
Higher levels of support had a similar favourable effect Level of evidence Narrow descriptor Broader descriptor D Table 1 ) that better mental health in parents older than 60 years was associated with having a partner and a large and supportive network of family, friends and neighbours. Others [36] used the Beck Depression Inventory and reported that single mothers living with a child with ID were more depressed than similar mothers living with a partner. There is also substantial evidence that poorer physical health in female care-givers of adults with developmental disabilities was associated with a lack of services [37] and that the effect of stress on physical health was moderated by parental social support [38] .
Socio-economic status
Higher socio-economic status (SES) was a protective factor for parental health and particularly maternal health [39] [40] [41] .
For example, correlational analyses showed that parents of children with ASD with higher incomes had less distress and an improved QoL compared with those of lower incomes [41] .
Similarly, there was strong evidence that socio-economically disadvantaged mothers had a greater risk of a psychiatric disorder than socio-economically advantaged mothers with a child with a similar disability [39, 40] .
Rewards and stigma
In a comparison of mothers of children with Down syndrome (n=21) and mothers of children with ASD (n=17), researchers provided some evidence of greater attachment and gratification in the mothers of children with Down syndrome [42] . A case-control study, with a lower evidence-base [43] , reported that mothers of children with Down syndrome felt more rewarded by parenting than mothers of children with other developmental disabilities. Affiliate stigma (or self-stigmatization) was higher among care-givers of persons with ASD compared to care-givers of persons with ID or physical disabilities although the level of evidence was not strong [44] . There was also evidence that there was additional societal stigma towards the care-givers of children who appear normal but manifest abnormal behaviours [45] .
Diagnostic issues
Diagnostic uncertainty and an unclear prognosis are factors which can cause the greatest concern to care-givers of children with ASD and those for whom a cause of their child's ID has not been identified [45] [46] [47] . The first of these studies [45] used a combination of interviews or focus groups with caregivers and the second [46] provided qualitative evidence by interviewing care-givers. In the third [47], German researchers compared the mothers of children with Down syndrome, ID of unknown cause and typically developing children with respect to anxiety, guilt and emotional burden using the State-Trait-Anxiety-Inventory and the Balanced Inventory of Desirable Responding. They concluded that uncertainty was a major cause of stress in mothers of children with ID of unknown cause [47] . A fourth study used the Ulm Quality of Life Inventory for Parents to examine the QoL of parents of a child with a developmental disability before genetic testing and after receiving a genetic cause for their child's disability. The results provided strong evidence that maternal QoL was improved once the underlying diagnosis was known [48] .
Broad Autism Phenotype
The concept of mild autistic traits in the relatives of a person with ASD is termed the Broad Autism Phenotype [49] . Validated questionnaires such as the Autism Spectrum Quotient [50] and the Broad Autism Phenotype Questionnaire [51] are used to quantify the extent of this trait on a linear scale. Two research groups [30, 52] provided mild and weak levels of evidence that persons exhibiting the Broad Autism Phenotype were at an increased risk of depression.
Maternal health by the child's diagnosis or sub-type and the impact of risk factors
In a previous review [12], we found that mothers of children with Down syndrome generally had better health than mothers of children with other intellectual disabilities. In turn, mothers of children with intellectual disabilities other than Down syndrome, generally had better health than mothers of children with ASD [especially ASD without ID] (Figure 1) .
The disparities in the health of care-givers of children with ASD or ID may be partially explained by child characteristics associated with the particular diagnostic category. For example, challenging behaviours occur more often and are usually more severe in children with ASD than children with Down syndrome [53] . Thus, a commonly cited risk factor for poorer care-giver health and QoL outcomes, challenging child behaviour, is more often associated with ASD than Down syndrome. The increased likelihood of parents of children with ASD manifesting a Broad Autism Phenotype and its association with depression [30,52] could explain why poorer 6 doi: 10.7243/2054-992X-5-1 mental health is more common in parents of children with ASD than in parents of children with other developmental disabilities. Furthermore, personality type influences a person's willingness to seek support [54] . Hence, the lower social support evidenced in families with a child with ASD could be mediated by parental personality traits which are associated with the Broad Autism Phenotype. The consequent overall reduction in social support could thereby further increase the risk of poorer mental health in these parents. Moreover, the lag-time to diagnosis in comparison to Down syndrome, where children are diagnosed at birth, could also impact negatively on the mental health of parents of children with ASD. Furthermore, mothers of children with Down syndrome mostly reported that parenting was more fulfilling than did mothers of children with other disorders [42] . In contrast, caregivers of children with ASD were the most negatively affected by stigma [44], a risk factor for care-giver health. Moreover, Down syndrome is the most common genetic form of ID and children are readily recognised and supported by members of the community due to their distinctive phenotype [55] . On the other hand, children with ASD have no distinguishing phenotype and mostly appear physically normal to community bystanders [56] . Thus, there is the expectation that their behaviour would be normal which may not be the case [45] .
How risk and protective factors might impact caregiver health
We have identified a total of seven risk or protective factors for health and QoL in the care-givers of children with ASD or ID. The impact of challenging child behaviour seems likely to be mediated by the increased parental stress generated by antisocial, and the sometimes dangerous and self-limiting behaviours in the child [57] . Challenging antisocial child behaviours such as running away and self-injurious behaviour such as head-banging can also severely limit family activities and thereby increase family social isolation [58] . Additionally, antisocial behaviour, when unexpected by the outsider, could further exacerbate the stigmatisation of parents [59] . Increased levels of extended family support and other support given to parents and their family were positively associated with parental well-being [20, 30, 31] . Support provides relief for care-givers and in so doing provides opportunities for respite and thus engagement in social activities which might normally be reduced in care-givers of children with ASD or ID [54] . Socio-economic status may further impact on care-giver health since only well-resourced families may be able to gain support by enlisting paid care-givers and respite. Research has also found that families of lower SES have less knowledge of available support [60] and this may be because they are not equipped with the skills or assertiveness to navigate the systems.
Parents of children without a diagnosis for their disability can be disadvantaged [61] by the resultant lack of anticipatory and reproductive guidance, along with support by networking with parents of children with a similar diagnosis. Furthermore, these parents may feel ongoing pressure to search for a cause for their child's condition when either there is no clear aetiology or a lack of available technology to test a plausible diagnosis [47] . For example, the CDKL5 disorder is a genetic condition causing severe neuro-developmental impairment and refractory epilepsy from infancy [62] . Unfortunately, in Western Australia (along with many other cities in the Western world), genetic testing to confirm a diagnosis is not currently available. Such issues might negatively impact care-giver health.
Summary and implications
Care-givers of children with ASD are more likely to experience many of the risk factors and less likely to experience the protective factors we identified as contributing to poorer mental health. Interventions to reduce risk factors and increase protective factors could pave the way for improved care-giver health. For example, workshops to train parents to better manage challenging behaviours in their children and earlier diagnosis of ASD (and particularly ASD without ID) would seem likely to improve parental wellbeing. Similarly, helping to expand support networks might reduce care-giver burden and stress leading to improved health. High SES is a protective factor for care-giver health. Hence, increased subsidised supports for those of low SES, such as care-giver respite and home help, might also assist care-givers of children with ASD or ID to maintain their health. 
